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DEVICE FOR FORMING NANOSTRUCTURES ON THE SURFACE OF A 
SEMICONDUCTOR WAFER BY MEANS OF ION BEAMS 

Field of the Invention 

[0001] This invention m fc rs to the sp hefe prcsent invention relates to a field of 
electronic and vacuum technology, in particular to the and in particular, to units for the 
formation of various structures and coatings on semiconductor wafers. It- ca n b e used The 
present invention may be utilized to develop new-generation semiconductor devices, as well 
as in optical instrument-making. 
Previous Technological L e vel 
Background Information 

[0002] Ther e exiot s a A conventional unit for processing of semiconductor wafers, 
which incorporateo wafers may include a vacuum unit, vacuum exhaust devices, and a wafer- 
processing device (Patent s, g., EP 0275965, M cl. HOI J 37/32 1988). In this unit, with a 
single-wave transmission mode at a frequency of 2.45 GHz, the plasma beam cross-section 
and the diameter of the processed wafers are located in the range of 76-100 mm, while the 
plasma flow angle relative to the normal to the processed wafer surface is defined with an 
approximation. 

This solution is regarded ao the closest analog (prototype). 
Content s 

Summary of Invention 

100031 The he r. m-4he prcsent invention relates to a 

development of a unit for production of nanostructures suitable for making semiconductors 
with a high integration level, and high-resolution optical devices, and is aimed at enlarging the 
functionality of the exis ti ng convcntional unit. 

[0004] The unit for the formation of nanostructures on semiconductor wafer surface 
incorporates a vacuum chamber equipped with exhaust and annealing systems, a 
semiconductor wafer input device, a source of ions with controlled power, a mass separator, 
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an electron gun, a wafer holder, and an ion current meter. The unit is equipped with an ion 
beam transport column, a quadrupole mass analyzer, an optical microscope, and a computer. 
The axes of the ion beam transport column, the optical microscope and the electron gun are 
situated on the same plane with the normal to the semiconductor wafer in the working 
position, and intersect in one point located on the front surface of the wafer; the angle between 
their axes is the minimum one; the computer scans the ion beam through a set of sites by 
moving the wafer along the given site coordinates, and displays images of the wafer surface in 
secondary electrons, and provides for combining ion and electron beam solutions on the 
surface of the wafer. 

I 

[0005] The vacuum chamber achieves a vacuum of 5x10 10 torrs. The ion beam diameter 
can vary from 0.9 um to 1 .5 um, with an ion energy value of 5 keV. 

[00061 The invention is illustrated w ith graphic materia l s. The d r a wi n g representing 
the Figure 1 shows an exemplary embodiment according to the present invention of a unit for 
nanostructure formation by ion beams on the semiconductor wafer surface 

Detailed Description 

[0007] swfeee-eefflxtmsAn exemp lary embodiment according to the present invention of 
a unit for nanostructure formation by ion beams on the semiconductor wafer surface, as shown 
in Figure 1, may include ultrahigh-vacuum chamber 1 capable of creating vacuum of 5x1 0" 10 
torr, with the necessary exhaust and annealing systems (not shown on the drawing); 
semiconductor wafer input (into chamber 1) device 2 with a diameter of 200 mm; 
semiconductor wafer 3; gateway valve 4; source of ions with controlled power 5; mass 
separator 6; ion beam transport column 7; optical microscope 8; electron gun 9; quadrupole 
mass analyzer 10; electron detector 11; wafer holder 12; ion current meter 13, computer 14, 
monitor 15, interface 16. 
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Best implemeiUattim Of>tkm 
[0008] The technical result to be obtained from implementing the present invention is 
production of thin-film semiconductor structures suitable for creating new-generation 
semiconductor devices and diffracting screens. 

[0009] This result eanmay be achieved as follows. Wafer 3 is placed in the vacuum 
chamber 1 with a residual pressure of 5-10" 10 torr. A column source of the duoplasmatron type 
is filled with nitrogen to generate a nitrogen ion flow. The ion flow energy and wafer radiation 
angle values are set. An area of S=200 x 200 sq. um on the wafer surface is evenly irradiated 
with a nitrogen ion flow under a current of 1=250 nA. The following conditions are to be met. 
The axis of the ion beam transport column 7, the optical microscope 8, and the electron gun 9 
must intersect in one point F located on the front side of the wafer 3 surface. This point must 
be the focal point of the ion beam transport column 7, the optical microscope 8, and the 
electron gun 9. The ion beam transport column 7, the optical microscope 8, and the electron 
gun 9 must be located on the front side of the wafer, and the angle between them must have 
the minimum value. The ion source 5 is a duoplasmatron-type source operating on such gases 
as argon, oxygen and nitrogen, and providing ion energy values in the range of 500 eV to 20 
keV. 

[0010] The mass separator 6 is a mass separator with a mass range from 1 to 100 a.e.m., 
and has a relative mass resolution of 5 a.e.m. The ion beam transport column 7 provides for 
changing the raster size and the raster side ratio. The ion beam diameter must be about 1 um 
(from 0.9 um to 1.5 um) with an ion energy value of 5 keV. The X and Y directions of the ion 
beam scanning must coincide with the movement directions of the wafer holder 12. The 
electron control of the ion beam shift along the Y axis must not be less than the double raster 
size in the Y direction. The ion beam sweep linearity in the Y direction must be controlled. 

[0011] The optical microscope 8 is made with wafer highlight, an 8-100-time 
magnification, and image display on the TV monitor. The electron gun 9 creates an electron 
energy value of 100 eV to 10 keV, an electron beam current of 5 uA, and spot size of about 
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100 nm. The X and Y ion beam scanning directions must coincide with the movement 
directions of the wafer holder 12. 

[0012] The electron control of the ion beam shift along the Y axis must not be less than 
the double raster size in the Y direction. 

[0013] The ion beam sweep linearity in the Y direction must be controlled. 

[0014[ The quadrupole mass analyzer 10 is equipped with the optics for gathering both 
positive and negative secondary ions. 

[0015] The range of measured masses is from 1 to 100 a.e.m. The absolute mass 
resolution is 5 a.e.m. The electron detector 1 1 is a detector of secondary electrons. 

100161 The wafer holder 12 provides for wafer inclination in such a way that the normal to 
the wafer remains on the plane of the axes of the ion beam transport column 7, the optical 
microscope 8, and the electron gun 9. The inclination angle of the wafer normal to the ion 
beam transport column 7 axis must be from 0 to 90°. The wafer rotation must be from 0° to 
360°. There is no need for continuous rotation. The angle precision must be ±0,5°. The wafer 
holder should provide for heating the wafer from the room temperature to 700°C. The X and Y 
wafer movement directions should lie on the wafer plane. The wafer movement in the Z 
direction should provide for superposing the wafer surface plane with the focal point of the 
ion beam transport column 7, the optical microscope 8, and the electron gun 9. The wafer 
movement error should be about 1 urn. The ion current meter 1 3 provides for measuring the 
current from the w afer, wafer. 

[0017] The computer 14 with monitor 15 and interface 16 are designed for controlling the 
whole unit. The computer 14 scans the ion beam through a set of sites by moving the wafer 
along the given site coordinates, while the stopping of the ion beam should be defined by the 
wafer current integral, as well as by the signal of certain ions detected by the quadrupole mass 
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analyzer 10. 

I 

[0018] The computer provides for receiving wafer surface images both in secondary 
electrons generated by the scanning electron or ion beams, and through the optical microscope 
8, to superpose the ion and electron beam rasters on the wafer surface. 

Industrial Application 
[0019] Thi< ; irivpi itkw-mfe rr , to t he -spkere The present invention may be utilized in the 
field of electronic and vacuum technology, in particular to the units for the formation of 
various structures and coatings on semiconductor wafers. It eamnay be used to develop new- 
generation semiconductor devices, as well as in optical instrument-making. The present 
invention ea ftmay be used to create units for production of nano structures suitable for making 
semiconductors with a high integration level, and high-resolution optical devices. 
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CLAIM S 



4-r-T-h e unit for the fo maWft-e#-Raftestyuctures on s ermeo ndu c t o r w afe r sur-faee 
incorporating a v ac uum ch am b er eq uipp ed with exh a u s t and a nnea lin g sy s tems, 
semiconduct or wafer in pu t d ev ice, a s o u rc e of ions w ith c on t rolled power , a m a 



separator, an electron gun-j -aR-cl e ct ron det ect or, 



v af er holde r, and i 



m eter. The unit is e q uipped with i 



beam transport column, a quadrupolc 
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with -the normal k>4he^cfnieom^ positier*, an d intersee t ing i n 

optical niiefes^pe^ffHT^he-^^ situated o n the fr on t sid e of the wafe rs 

and the angle between their axes is the minimum one; the computer scans the ion beam 

displays — i m ages of- the wafer surfac e — in — se conda ry e l e ctro n s, — an d pr o vid es — for 
co mb i nin g ion an d e le ctron b eam s o lution s-^n^w-swfeee- of the w afefr 

2. The imi^ f-l^afagraph—lT diffe rin g in that its vacuum chamber achieves 
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-diameter— < 
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from 0.9 um to 1 .5 u rn. 



:rgy value of 5 keV. 
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ABSTRACT 

The invention make s it possible -t o develop the devices Described is a device for 
producing nano structures which are used for manufacturing the semiconductor items having 
high resolution optical instruments. The inventive devic e comptioes device may include a 
vacuum chamber provided with a pumping and annealing system, a unit for introducing the 
semiconductor wafers into the chamber, a controllable energy ion source, a mass-separator, an 
electron detector, a holder for the semiconductor wafer, a device for measuring the ion current, 
a quadrupole mass-analyzer and a computer provided with a monitor and interface. Axes of 
column of the ion beam transportation, an optical microscope and electron projector are 
arranged on the same plane as a normal line to the semiconductor wafer in a working position 
thereof and intercross at the same point on the front face of the wafer. An optical microscope 
and electron projector are arranged on the front face of the wafer and have a minimal angle 
therebetween. 
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